Introduction
The chest x-ray film is helpful in the diagnosis of left heart failure, but its value as a routine investigation in myocardial Infarction has not been established. Florid pulmonary oedema is uncommon, but the majority of patients have some signs of left heart failure (MacKenzie et al., 1964; McNicol et al., 1965; Fluck et al., 1967) , and lesser radiological signs would be expected to be common. We have therefore reviewed the chest x-ray films routinely taken of the first 50 patients admitted to the coronary care unit at Central Middlesex Hospital in an attempt to evaluate the diagnostic use of portable chest x-ray films in myocardial infarction and to assess the frequency and significance of individual signs of left heart failure. 
Patients
The subjects reviewed were the first 50 patients admitted to the coronary care unit with a definite myocardial infarction (typical history with characteristic electrocardiographic (E.C.G.) changes or fewer E.C.G. signs (W.H.O., 1959 ) and a diagnostic rise in serum enzymes: serum hydroxybutyrate dehydrogenase exceeding 150 i.u./litre). The patients were selected only to the extent that men under the age of 65 years and older men or women with complicated infarctions were preferentially admitted, and in that they survived long enough to have a chest x-ray film taken. There were 49 men and one woman. The age range was 38 to 68 (mean 54) years. None of the patients had cardiogenic shock.
The patients were assessed by detailed physical exination on admission, with particular reference to clinical evidence of cardiac failure. Note was also made of any history of chronic bronchitis or hypertension (diastolic blood pressure known at any time to have exceeded 110 mm. Hg or settling above this level in convalescence).
Treatment depended on the overall assessment of the patient's condition and policy in the coronary care unit. Heart 'failure was treated vigorously; 39 patients received diuretics and 16 received digitalis. As treatment for heart failure was in part influenced by the chest x-ray picture no attempt to correlate treatment and the chest x-ray findings has been made. Five patients received morphine after admission, six required lignocaine or procainamide, and eight received sedation.
The patients usually remained in the unit for three days. During this time clinical examination was made twice daily.
X-ray Examination
Portable anteroposterior chest x-ray films at a tube-film distance of 6 feet (180 cm.) were taken on admission and each morning thereafter as long as the patient remained in the unit. So far as their clinical condition permitted the patients were seated upright in bed. After discharge from the unit, x-ray films were taken at the discretion of the physician in charge of the patient. Some of these were portable films, but during convalescence some films were taken in the x-ray department.
The x-ray films were assessed independently by three observers who were unaware of the clinical findings but who assessed all the films of each patient serially. They also assessed the quality of the films as good, adequate, or poor. Poor films were discarded.
The following abnormalities were specifically sought on each x-ray film: (1) cardiac enlargement; (2) congestion of the upper lobe pulmonary veins; (3) intra-alveolar pulmonary oedema-patchy ill-defined shadowing of more or less uniform density (Gleason and Steiner, 1966) ; (4) pleural effusions; (5) septal lines (Kerley, 1933) ; (6) widening of the superior mediastinal shadow.
Each film was given a total chest x-ray score (see Appendix), which gave an arbitrary assessment of left ventricular failure. The presence of other radiological abnormalities was also noted.
Results
Quality of X-ray Films.-One hundred and fifty-six portable films and 34 x-ray department films were available for the 50 patients. Five of the portable films were judged to be of poor quality and were discarded, leaving a total of 185 films for analysis. The detail of assessment of film quality is shown in Table I . Cardiomegaly.-Twenty-seven of these patients had some cardiomegaly. The majority showed only a moderate increase in heart size, only three showing pronounced cardiomegaly.
Six patients in this group had a normal-sized heart. Four of these six had pulmonary oedema and all had pulmonary venous congestion.
Pulmonary Venous Congestion.-This was present in 30 of these 33 patients. Twenty-four initially had moderate pulmonary venous congestion. In 18 this did not increase, but in six with initial moderate pulmonary venous congestion there was deterioration. A further six had marked initial pulmonary venous congestion. Thus 12 patients had marked pulmonary venous congestion at some stage; nine of these also had pulmonary oedema. Three patients whose initial chest x-ray film showed several other abnormalities had had no pulmonary venous congestion at any time.
Pulmonary Oedem.-This was present on the initial film in six patients and developed in a further six (day 2 in four patients, day 4 in one patient, and day 15 in one patient with second infarction), making a total incidence of 24%. Pulmonary venous congestion was invariably present in patients with pulmonary oedema. Moderate cardiac enlargement presented in 8 of the 12 patients, pleural effusions in 3, and septal lines in 2. Pulmonary oedema was present for 2 to 10 days (mean duration 5 days). Four of the patients died, though none of the deaths was directly the result of pulmonary oedema. Four patients with pulmonary oedema in whom the heart size was initially normal subsequently developed cardiac enlargement-one while oedema was still present and three after its resolution.
Pleural Efjusion.-These were found in seven patients (14%).
The site of effusion and time of occurrence are shown in Table III.   TABLE III Abnormalities.- Table II lists the incidence of the abnormal findings on the initial film and the total incidence of abnormalities. The initial x-ray films were divided into two groups: those in group 1 were normal or showed upper lobe pulmonary venous congestion only, whereas those in group 2 showed further abnormalities. Septal Lines.-Septal lines (Kerley, 1933) were found in only three patients. Two had septal lines on the initial x-ray filmone was hypertensive and had a history of previous infarction and the other was in florid pulmonary oedema. In both patients the septal lines had cleared by the fourth day. The third patient, who had marked cardiac enlargement on admission, developed septal lines on the fourth day. These had cleared by the tenth day.
Total Chest X-ray Score.-The maximum score possible was 36 (see Appendix). The range encountered in these patients was 0-24, with a group mean value of 6-4. The mean chest x-ray scores of the small number of patients receiving morphine, antiarrhythmic drugs, and sedation were 40, 6-1, and 9 0 respectively; none differed significantly from the group mean value of 6-4.
Correlation of X-ray with Clinical Findings
Examination of the patients at the time of initial x-ray examination showed that 12 (24%) had no lung crepitations, 34 (68%) had basal crepitations only, and 4 (8%) had widespread signs. Basal and widespread lung orepitations occurred more often in those patients with abnormal chest x-ray pictures than in those with no or minimal abnormalities (P<0-02), none of whom had widespread crepitations. Table IV shows that the occurrence of lung crepitations appears to be uninfluenced by the presence or absence of pulmonary venous congestion on the initial x-ray films. Pulmonary oedema, however, either on the initial or subsequent films showed a significant association with lung crepitations which tended to be more widespread (P<0 05). Only one of the 12 patients with pulmonary oedema had no lung crepitations, nor in fact any other signs of heart failure. Conversely, one patient with widespread crepitations had no pulmonary oedema on the chest x-ray film at any time. Influence of Hypertension Six patients were hypertensive. Three of these had widespread crepitations and pulmonary oedema on the chest x-ray film. They formed a high proportion of the patients with widespread crepitations (three out of four) and of the patients showing pulmonary oedema on the initial film (three out of six). Although the total chest x-ray score was higher in these patients (10 1 as against 6-4) it did not reach conventional levels of significance (P<0 1).
Influence of Chronic Bronchitis
The clinical features and chest x-ray picture in the eight patients with chronic bronchitis did not differ from the group as a whole. The results showed a wide scatter with a tendency for the score to increase with increasing age (r = + 0 245).
Progress of Chest X-ray Films
Films of 16 patients taken within 24 hours of admission were compared with those taken 72 to 96 hours later. Although in individual patients there were pronounced changes, both improvement and deterioration (Fig. 1) , there were no overall changes in the mean x-ray score (7 4 on day 1 and on day 3).
In 18 patients the initial film was compared with a film taken at least 10 days after admission (Fig. 2) . There was a highly significant fall in mean x-ray score (841 on day 1 to 2-5 at 10+ days, P<0 01). This improvement occurred gradually after the first three days (Fig. 3) .
Other Pulmonary Shadows
Of the 50 patients six had non-segmental shadows on the x-ray film. Four of the six had a cardiac arrest and three died, a mortality of 50%, compared with a mortality of 14% in the remaining 44 patients. These changes were clinically silent. In two patients seen at necropsy there was no evidence of pulmonary embolism or infarction.
Discussion
Little has been written about the chest x-ray picture in the acute stages of myocardial infarction. Portable films have to be taken and quantitative assessment of abnormality is very difficult. We felt, however, that a retrospective survey of our x-ray films would be of value.
The quality of the films was surprisingly good, particularly as several patients were too ill to be able to co-operate. The standard has continued to improve because daily films are now taken as a routine procedure. The quality permitted assessment of abnormality without difficulty.
The commonest abnormality was distension of the upper lobe pulmonary veins (76%). When this was the only abnormality on the film it seemed to be of little significance. Cardiac enlargement tended to be associated with pulmonary venous congestion, but in a few patients cardiac enlargement appeared when pulmonary venous congestion and pulmonary oedema were clearing. The mechanism regarding this is uncertain, but it may be related to a change in pattern of left ventricular pressure-volume relationships.
Distension of the pulmonary veins is related to increased pulmonary venous pressure, to increased pulmonary blood flow to the lung as a whole, or to increased upper lobe blood flow, possibly due to vasoconstriction elsewhere in the lung (cf. mitral stenosis -Doyle et al., 1956 ; "Simon, 1958) .
It is known that in myocardial infarction cardiac output is commonly reduced and pulmonary artery pressure raised (Fluck et al., 1967; Gilbert et al., 1954) . There is conflicting evidence on left ventricular pressures in myocardial infarction Nixon, 1968) , but undoubtedly left ventricular end-diastolic pressure is raised in some patients, who will as a result have pulmonary venous hypertension. This would account for our findings. An additional factor may be redistribution of blood flow as a result of lower lobe vasoconstriction due to increased interstitial pressure in the lower lobe (Hughes et al., 1967) .
Pulmonary oedema was initially present or developed in a total of 12 patients (24%). All of these had pulmonary venous congestion, severe in four, and there was an increase in heart size in eight. Four patients had pulmonary oedema with normal heart size.
The value of the other radiological signs is more doubtful. Septal lines were found in only three patients. It has been shown that in mitral valve disease septal lines are almost invariably present when the pulmonary capillary wedge pressure exceeds 20 mm. Hg (Grainger, 1958) . There may, however, be differemces between the chronic pulmonary hypertension of mitral disease and the acuter changes of myocardial infarction. In the two cases reported by Kirby et al. (1968) left ventricular end-diastolic pressures were known to exceed 20 mm. Hg (23 and 33 mm.), but septal lines were not present on the chest x-ray film. This would support the suggestion made by Grainger (1958) that in acute left ventricular failure the alveoli are freely permeable, so that oedema is alveolar rather than interstitial and septal lines are less prominent. It is, however, not clear how the three patients with septal lines in this group differed from the remainder. In one there was a previous history of heart disease and possible cardiac failure, the second had pronounced cardiomegaly, but the third had no such distinguishing features.
Widening of the superior mediastinum showed an association with pulmonary venous congestion, cardiac enlargement, and the clinical findings of basal crepitations. This finding, however, is affected by so many factors, notably position of the patient and variation in depth of inspiration, that it is difficult to regard it as a significant sign.
It has been previously shown in this department that the presence of persistent lung crepitations is a reproducible clinical sign (Barnes et al., 1967) and that when there are crepitations prognosis is worse and arterial hypoxaemia and acidosis are more severe (McNicol et al., 1965) . In the group of patients under review a correlation has been found between the clinical extent of lung crepitations, the presence of pulmonary oedema on the x-ray film, and the arbitrary total x-ray score. The existence and extent of lung crepitations in any individual patient, however, may not correlate well with radiological assessment of the severity of left ventricular failure. Lung crepitations are thought to be due to alveolar oedema, which, though clinically and radiologically apparent, may not be as important as interstitial oedema in the disturbance of lung function. In our experience the other signs of left heart failure, such as third heart sounds, gallop rhythm, or reversed splitting of the second heart sound, show such a degree of observer variation as to preclude their use in any systematic comparison.
The arbitrary total chest x-ray score proved of some value in following the patient's progress. In the first three days there were no consistent changes, but in all patients followed for more than 10 days there was a noticeable though slow improvement. By the time of discharge from hospital persisting abnormalities were few. This improvement parallels the haemodynamic improvement reported by Valentine et al. (1966) .
In six patients transient pulmonary shadows of uncertain cause were found. These have usually been, attributed to pulmonary embolism with infarction, but none of our patients had any clinical evidence to support this diagnosis. Three of these patients died, and at necropsy on two of them no cause for the radiological abnormality could be found; a special search revealed no pulmonary emboli. The cause of the transient shadows remains obscure. We believe the associated high mortality to be coincidental.
